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Conclusions regarding transposition of "pm in the a *-' cultures. 1 

The progeny tests described both in this section and in the last 

section provide some information regarding stability of location of Spm. 

It is clear from th$hthat the time of occurrence of transposition of 

Spm during development,and the frequency of this at any one timeJis 

controlled in some manner. Change in this undergone by an Spm element 

appe.red to be associated with transposition, its behavior in the former 

location and in the new location often being deicdedly different. The 

altered control of its behavior may be an expression of some modification 

occurring to Spm during the transposition process, or it may reflect 

participation in this of the particular-locus in the chromosome complement 

at which Spm is inserted. Up to now, no evidence is available floom 

study of Spm favoring one or the other of these interpretations. AS 

mentioned earlier, evidence favoring the second interpretation was obtained 

from study of transposition of Ds. - Evidence of altered beh;tvior of spm, 

following transposition of it, was given by several of the described tests, 

*t was shown tha t following some transpositions, the relative frequency 

of occurrence of subsequent tr.nsposition of Spm, and the time of this 

during development, could be strikingly different from that which it 

expressed at its former location. Cases were cited in which it had been 
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relatively stable when present at one location but became quite unstable 

after it had been inserted at a new location. Cases in which the 

reverse of this occurred, also were cited. 

It was shown that when Spm resided at a particul:tr site in 

chromosome 6 in those plants in culture 6629A and in thier progeny which 

gave approximately 35 percent recombinants with Y (table 29),it remained 

relatively stable in this location, the frequency of appeirance of progeny 

plants in which Spm occuppied a new location being low. *"evertheless, 

transposition of it from this location to a new location was observed 

and several cases of this were subse uently analirzed (Progeny Tests 

was 
20 to 23, figure 2). Among them/one bazaar case involving the Behavior 

of )I)prn in plant 66660-7 and its progeny (Progeny Tests 14 to 16, figure 2), 

In this plant, transposition of Spm occurred at a very high rate, Prom 

the type of sterility that was expressed by each of the two testcross 

ears obtained from this plant, it is suspected that i-sertion of Spm 

at some locations in the chromosome complement may result in oh-nge &n 

gene action at the site of insertian, and this may cause either lethality 

for the cell having it at one such site, or it may cause some modification 

of gene action that alters the capacity of the cell to function normally, 
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In those cases where its insertion at a new location did not produce such 

deleterious effects, viable kernels in which Spm occupied a new location 

were produced. The location and behzvior of Spm in the plants derived 

from each could be analyzed. This was done for five kernels on one of 

the ears of plant 6666C-7. In the plants derived from each of them 

Spm occuppied a different location. One transposition had inserted Spm 

close to Y in chromosome 6 and from this location few subsequent 

transpositions occurred (Progeny Test 15, figure 2). Incontrast, an 

insertion of it into chrormosome 9 resulted in a high frequency of 

subsequent transpositio- and these occurred both during early and late 

development of those plants th t had it at this location in their 

zygote nuclei (Progeny Test 16, figure 2), In contrast to this, another 

case of inserti#Jn of bprn into chromosome 9 was followed by subsequent 

transpositions of it that were confined mainly to the early stages of 

plant development (Progeny Tests 6 to 13, figure 2). 

The mode of examining transposition of Spm did not allow detection 

of those cases that placed it at a new location in the same chromosome in 

which it had been residing>when this new location was close to that which 

it formerly occuppied. Therefore, accurate estimates of rates of 

transposition of Spm could not be made. Estimates of this may be 
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formulated only from those detected cases th!t placed Spm in a new 

location, either in another chromosome of the complement or at a location 

in the same chromosome sufficiently distant from its former location to 

markedly alter the frequency of appearance of recombinants with the 

gene marker in the chromosome thst wasused for detrmining its presence in 

this chromosome, Even though it is realized that transposition of a 

controlling element frequently places it at a new location that is not 

far removed from its former location in the same chromosome,and that in 

this study estimates of the frequency of occurrence of this could not be 

made, it was apparent, nevertheless, that difference :s in rates and times 

of occurrence of transposition of Spm could be expressed to a striking 

degree+when measured only by those cases of it th-it were readily detectible, 

The test methods used in this study allowed detection of the location 

of Spm if it h:id been inserted into chromosomes 3, 5, 6, or 9, and ‘\/r $ 

resided close enought to an allele of the markers Sh2, Pr, Y, or Wx 

to give evidence of linkage of it with any one of them. Cases of its 

insertion at dkfferent locations in chroI.Iosomes 5, 6, and 9 were 

discussed in this section along with the characteristic behavior of Spm 

at each location in one of these chromosomes. It is probably only a 
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coincidence that the examined cases of insertion of Spm at diffe'ent 

locations in chromosome 6 were followed by a considerable degree of 

stability of Spm at e:tch of these locations whereas, in contrast, the 

examined cases of insertion of it in chromosome 9 were followed by high 

rates of subsequent transposition. It was also noted that in 

sequenti&& transpositions of Spm no evidence of preferance of one location 

over another was exhibited. In other words, if Spm were transposed 

from a known location to a new location, subsequent transposition of it 

did not ten.& to return it to the location it formerly occuppied. 

Linkage of Spm with a given gene marker, carried either in 

chromosome 5, 6, or 9, was examined in a number of plants. In some of 

the tables in this section is entered the percent of the recombinant 

classes or the percent of one of them. It is obvious from those given 

in the tables accompanying the descriptions of Yrogeny Tests 5, 6, 24, 

and 26, that such percents do not serve as a measure of crossing over 

between the site of insertion of Spm in the chromosome and the locas of 

the gene marker. *f the rate of late 
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occurring transposition is high, then many individuals within the 

recbmbinant class carry in them a newly transposed Spm element, as 

discussed earlier (page ). Also, the closer is spm to the marker, the 

less reliance may be placed on the given percent of recombination in 

estimating the location of Spm with reference to the marker. Only by 

means of progeny tests can an accurate estimate of this be made, 

In triis study, a number of cases were menti,oned in which plants 

having two or more &pm elements appeared in the progeny of ones in w%h 

only one "pm was p:-esent. An explanation of the probable origin of cells 

having two Spm elements in them from ones in which only one was present, 

and the relation of this to cells having no Spm, was discussed erlier 

\pageOOO). 1-t might be suspect,:d that cells having more than 2 "pm 

elements in them could arise from successive transpositions of Spm in 

the progeny of cells in which two were present. This may be the se.luc?nce 

of events that is responsible for the appearance of some cells having more 

than 2 Spm elements in them but possibly this explanation may not apply 

to all of them, Cases of simillFtr type were examined by Brink with the 

controlling element Mp (= AC) in which he could not rel.ite all of this type 

to sucdessive transpositions of Mp. For study of transposition, AC is VW&W 

* more f.-!vorable than S-pm because change in dose of it leads to recognizable 
4 
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change in phenotypic expression, each dose being correlated with a 

particu1;l.r type of change in expression of the gene whose mutation 

pattern it controls. The dose of Spm is difficult to determine on the 

i-h@- 
basis of pattern produced by aim-'. 

4 A change in this has no)! effect on 

the pattern of mutation but it does have an effect on the frequency of 

appearance of the pale pigmented areas, either in plant or kernel, 

that arise from loss or inactivation of Spm. The higher the dose of Spm, 

the less frequent will cells be formed in which Spm is either absent or 

inactive. 

From the discussions given in this and the previous section, it is 

evident that the number of Spm elements that will appear in individuals 

of %lhe progeny of one having a known number of them will depend upon the 

behavior of the p,-rticular Spm elements that are present in the parent. 

Nevertheless, a summary of the relation bet!yeen the number of 'Ipm elements 

in a palnt and that in its progeny may be of some interest and, therefore, 

table 60 was prepared to illustrate this. In its preparation, the Spm 

number in the part of the plant that produced the first ear on the 

main stalk was used. Included in the table are the progeny tests that 

were conduced during the summers of 1952 to 1955. In this table, no 

consideration is given to the number of plants in which a newly transposed 
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Spm element was known to be present. The table merely 

number of Spm elements that weBe present in the part of 

gives the 

the plant that 

produced the first ear on the main stalk. Tables 61 and 62 illustrate 

the agreement with and the differences in the number of "pm elements 

that were present in different parts of the same :>lant. In these 

tables, also, no consideration is given to known differences in location 

of &pm in different parts of one plant. only bpm number is considered, 

In the studies so far reported, no case was detected of complete 

stability of location of Spm, thatis, in which bpm remained at one location 

* 

cons-.+&red. This--~~~---~~~~-~~~e~~use of its weakened --A. _... ^ ̂._ -..-m"v--.--x..-IIp-- 

IlkL.,. capacity to sqprsss-'gene-. acti-em3,t 23-i. m-l a*ai-,- "- -an&- lx--irsdxee--ion 

to or towards Al or A2, wfll be'considered in ~h~'next--~;M"t..'-of-"tf~~s 

report . 

? 
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PART IV 

Chanpe in Mode of Action of Spm 
\l S~@qNL- LtJuA ku&4!! cj"& \'(Jp #+&g&j ; +$I.,- 3.2 

On some of the ears produced by plants in culture 6629, grown in 

the summer of 1953, a few kernels appeared that had only one or several 

dots of Al type pigment in a non-pigmented background instead of the many 

spots of this pigment type that were exhibited by most of the variegated 
(A&c &A&p- -I 

kernels on the ears of these plants. 
c ad&i& 1%) * 

&ernels of the former type were 

selected from 8 of the ears. Eat-h of the 37 plants derived from them 
L+J+& dJ ~~~~"l.~~~cr~~,~~~$/~~ Lwn-p<&* w 

was pale pigmented6 as if no Spm were present in any one of them. On the 
4 

testcross ears produced by the majority of these plants, only pale 

pigmented kernels appeared. Cn the ears of several of them, however,' 

pheno 
w,p many kernels w showing the same/type as that given by the kernel 

( ,*\A& 1 
from which the plant arose. 

4 
One of them was plant 6683B-2, which was 

"1 m-1 (state 57198-l) Sh2/al sh2, Pr/Pr, y/y, Wx/wx in constitution. 

tktan- 
An ear of this plant had been used in a cross with a plant that was 

4 
d 

r 

WBP homozygous for state 57198-l aim-' cL , .\ for Sh2, ,z irm and wx and it had 

no Spm. This same tester plant had been used in ma#ing many crosses 
r ',T,. ::“c.', $,i,:~,y4,.,~iJli+ .3 

during the summer of 1954 and it was known that the a1 m-l in &t would 
A 

respond to Spm by giving the pattern of pigmentes s&ots srhoxn in photo 0 

yc [;s%. ,* .A 
On the ear produced by plant 6683B-2, there were both pale and variegated 

4 

kernels but in the variegated class, the number of pigmented spots 
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was very low, the majority of kernels having only 1 or 2 such spots. 
z 

Also, as stated above , plant 668aB-2 was pale pigmented instead of being 

variegated, as would be expected if Spm were present. The kernels on the 

testcross ear of plant 6683B-2 were of three types; 169 were uniformly 

pale pigmented, 118 were colorless except for 1 or several dots of the 

Al type pigment, and 51 were totally colorless. If the last two classes 

are combined, there is a 1 to 1 ratio of pale colored kernels to those 

that are colorless, or nzarly so. This ratio suggested that in this 

plants some factor resembling Spm in its action was segregating. It 

suppressed gene action at al m-l in the kernel but not in the plant, and 

it was mu@ less effective in inducing mutation to or towards Al in the 

kernel. Some of the kernels that had ruler several small Al dots in a 

colorless background were sown in the summer of 1955 under culture 

number 6888. Tests conducted with the plants derived from them indicated 

that the factor responsible for the altered phenoty:iic expression of 

"1 
m-l had been carried in one of the chromosomes 5 of the parent plant, 

6683B-2. It resembled an Spm whose capacity for action had been much 

weakened and for this reason it was given the symbol Spm-w, Study of 

this Spm-w extended through 5 generations of plants and these included 
.'I 
h examination of the effects it produced on different states of +SSZ& a1 m-l 

4 . 
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Before these investigations are reported, several other cases will be 

reviewed briefly in which a modified type of Spm action was detected in the 

progeny of individual plants in which a fully active Spm was known to be 

present. 

As mentioned above, only a few of the plants derived from kernels 

having the described modified type of variegation pattern that were grown 

in the summer of 1954 gave evidence of the presence in them of Spm, either 

by their appe'rance or from the phenotypes of the kernels on the*testcross 

+w 
ears. At th;-:.t ti.l,.e, the reason for this was not under$tood. 4 Itwas only 

sometime later that it was learned thatone of the types of change in Spm, 

responsible for the appe:-trance of some of the kernels with only a few Al 

dots in themJmay be inactivation of Spm. In plants h;iving a fully 

active Spm, change from the active to the inactive ph,ase may take place 

in some cells, and when this is occurring in a k:Jrnel, the altered activity 

may be noted by an altred pattern of v riegation within the aleurone 

layer of the kernel. In plants derived rom such kernels, "pm may 

remain in its inactive phase throught development of the plant. Ike 

nature Of this ty>e of change in Spm will be des,cribcd .,IL the: o:ctlc;n 0x1 

this repor-t dealing with intictivation of Spm. Change of Spm from fully 

active to partially active likewise occurs in some cells and the differences 

in gra&e of this 
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section will consider. 

On&testcross ears produced by m fully v riegctted plants 

grown in the summer of 1954, kernels having the above mentioned types of 

change in Spm were noted. Often, on&y one to several kernels on an 

ear exhibited an-altered patturn of variegation. On a few ears, however, 

a large number of them appeared, and this was true of the testcross ear 

produced by plant 66653-g which was a1 m-l(state 5919A-1) Sh2/al sh2, Y/y 

in constitution (see table 18 for origin of plant). Pollen from a plant 

of the tester stock that was homozygous for al, sh2, pr, and y had been 

used in making the cross to plant 66653-g. Among the 169 Sh2 keinels 

on the resulting ear, 1 was totally Al in phenotype, 38 were uniformly 
G.hd..Ld dJ@vw fw&wq R, qa& &(l cjll,@w~I~~Z.&, 

pale pigmented, 84 were fully variegated, 40 tiere colo*less except for &ne 0% 

or several Al dots, and 7 were totally colorless. If the pale colored 

class and the two latter classes are combined, the ratio of kernels types 

on this ear suggested that a fully active Spm might be carried in the 

Y bearinq chromosome 6 of plant 66653-g because among the pale colored 

kernels and those with the modified phenotype, 30 were Y and 56 were y, 

and among the fully variegated class of kernels 45 were Y and 38 were y. 

In the former group, about one half of the k!?rnels exhibited the modified 
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ii, . v 

phenotype, being *zolorless or colorless with one or several Al dots. , \ . h i,:;,'," ~.l.w.~~~-\i~'-‘+ 
This suggested that some factor was present in plant 6665%9,wh&e 

; : I. I 
'\ J 

pr-esenee was responsible for modification of a 

.? 
we33 segregati, 23 independently of'Spm,but,coi;ld be recognized readily only 

'i . \ 
3 when Spm was absent. It was decided, therefore, to examine plants 

derived from some of the colorless kernels that had only a few Al dots 

in them and these were grown in the summer of 1955 under culture number 

On the testcross e-r produced by plant 66623-16, that w:ts a1 sh 
2/ 

a1 shy Y/y in constitution (see table 18 for origin of this plant), 

some variegated kernels appeared that exhibited a much reduced number of 
.i \ . ,: r, -,t ! f. ( .::\ i,r-,'- J, :,.,A. ,. 

Al dots in a colorless background in addition toV,tf+&+ vaziegated kernels, 

The pollen parent th t was used in making the cross to plant 6662E-16 
e 

was homozygous for state 5718 al m-l , for Sh2, pr, y and wx and it had no 

5 
Spm. The expected behavior in the presence of Spm'of the aim-' in this 

tester plant had been fully attested as it had been used in making many 

testcrosses to plants having ??prn in them. On the ear produced by plant 

66623-16 there were 76 pale colored kelnels, 26 of which were ?$ and 50 

were y. In addition, there were 289 variegated kernels, 117 of which 
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were Y and 112 were y. However, the pattern of variegation among them 

was not the same. Some were fully variegated but others had a much 
w&All 

reduced number of Al spots, ,,$Ilants m grown from the fully variegated 
&der culture number 6870 in the summer of 1953 , 

kernels on this ear/a&%&x-tested for the presence or absence of hpm-w 

in them in addition to we Spm'? 
w 

From tests m 
A 

t&se-+33s it w:zs learned that m Spm wt in 

the Y bearing chror~iosome 6 in plant 66623-16 but in addition, an Spm-w 
.w\ s pJ#q 

also was 
4 

present 
4 e p&ants derived from 

the: fully variegated kernels on the etr of plant 6662%16. 
! 

/ The Spm-w in plant 6683B-2 , 
Discussion of Spm-w will commence with the plants in culture 6888, 

derived from ktrnels on the testcross e.r ofplant 6683B-2. As given 

above, this plant was a1 m-1 (state 5919A-1) Sh2/al sh2, Pr/Pr, Y/Y, wX/wX 

in constitution and the pollen parent used in making the cross with this 
. I 3' ri r&J>-+ 

plant had been homozygous for str.:te 57198-l aim-' 
I' 

c %ud&4 4 
and for Sh2, pr,s and 

wx and it had no Spm. As reported, half of the kernels on this ear were h 

uniformly pale pigmented and half were either colorless or had one to 

several dots of Al in k$r a colorless b:xkground. Eight plants were 

grown from the uniformly pale class of kernels on this ear. Each was 

h.4 uniform..y pale pigmented and aa;~ earSof MG& plants- used in a cross with 

a plant that was homozygous for a 1' sh2, and y and in which one fw 



189 

. . 
a&&e Spm'was present. 

cin%bLtJ 
This was W %n ~x~miwarx or- der to 

the aim-' 
-5 w&t .q&4! fvwp’, 

in each plant we=&d react 

Ears were obtained from 7 of the 8 plants and the kernel types on these 

ears are entered in table 63. Half of the a1 m-l carrying kernels on each 

ear were pale colored and half were variegated, giving the pattez?n of 

(qAA3-s) 
this expected when a fully active Spm element is present. 

variegated 
Only two / 

' 4 

kernels on these 7 ears had a reduced number of Al dots in them. The 

6!iA eJ 
kernel types on these ears contrasted greatly with the types appear- on 

in culture 6888 4 

the ears of pl.nts/th:t had been derived from colorless kernels in which 

only 1 or several Al dots were present when the same pollen parents were _ 
$Q ‘f ,;"&J 

. 
/*.+$!~> .P 

B 

given in table 64. ., Half of the aim-l 
i ! ,.::: 

carrying kernels on these- ear4 

were fully variegated but among the remain!.ng half, half of these, in 

turn, were ti?r%g uniformly pale pigmented and half were either totally 

colorless or were colorless with 1 or several Al dots in them. Segrega- 

ti n of the alleles,& Pr and pr,to the uniformly pale kernels and to 

the colorless kernels with 1 or several Al dots left little doubt that 

the factor responsible for the appe-rance of the colorless or nearly 

colorless kernels was 
.&&AJ LwJyl~ A-& [ 3' 

fzazeed,-&B--* Pr chromosome &s-&&se-+&- 
.\ 4 

that h:id been received from the p rent plant, 6683B-? 
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tl.“fy<P 
,‘: ‘j’ . 

The plants in culture 6888 uva nn ears the kernels types 
&ere &elx&mented but %ey+D -' W&t srJuP,j 

7 
___ ..- I-' - --_-.-e- 

entered in txble 64 *B:,pigment as rapidly'- the'plants 
p-dw $.&2$ *\ a p alp (4Qdzd ’ 

th:it gave the kernel types entered in table 63. med 

qh &';,,,“' 
&:~w 2r4G&&Ty;- i* 4hc?m. In some m the intensity of %hzLs was 

',+yJ t&J ,+? - -l.Ad!Qm&Qt9 ma3.Q 
.t -, 

not uniform. 
1 \ 

Wzappe~ed in which the intensity of this was much 

reduced or occasianally incre sed. 

In addition t:j the crosses entered in tables 63 and 64, anear 

was obtained from one plant in culture 6888 that had been derived from 

w4ib rcn fLQAP%g,ddo 
a s colorless kernel 

fi 

for alme 
&&$[A 

(st,tte 57181, and for Sh2, pr, y, 
,d, 

and wx and *had no dpm. 
4 A 

On th;s ear there were 468 kernels; 253 were uniformly pale colored of 

which 70 were kr and-183 were pr, 143 were colorless with 1 or several 

Al dots and 112 of these were Pr ana 34 we1.e pr, and in addition there 

were 69 totally colorless kernels. Again, it was clear that the ,-- b : 
J,-,yQ.ry '.J,'!!$ "'./3i;,'J', $&y -3 

e spr;;\i';n t:^isl--plant-&s carried in the chromosome 5 that had been 
'I J,* \,oi,:'J 

received fromAplant,6683B-2. Ten plants were grown from the uniformly 
pr it. - :y ;!? -' 

pale colored/kernels and ten other plants were grown from the colorless J 

k..rnels with 

culture numbers 7264A and 7264-B in the summer of 1956. All ten plants 

derived from the uniformly pale colored kernels were themselves, uniformly 
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pale pigmented. Those derived from the colorless kernels with few Al 

dots in them also were pale pigmented but 1 

were crossed by plants th:rt were homozygous for either state 5719A-1 a,*-' 

or state 5718 a1 m-l , and for Sh2, y, pr, and wx and that had no "pm in them . 

On el3rs produced by all plants in A of culture 7264, only uniformly pale 

pigmenteikernels appered. On all ears produced by plants in B of this 

culture, pale colored kernels, colorless kernels, and colorless kernels 

with ore or several Al dots appered. Linkage of the latter phenotpe$ 

with Pr and the phenotyp with pr was clearly evident on all ears. 

The phenotypes of kernels on ectrs of 9 plants in culture 7264-B are 

entered in line 4 of table 65. In one plant, 7264B-6, gpm-w was 

present and carried in the chromosome 5 with Pr but it was almost 

completely inactive in many kernels on this ear. The kernel types on 

$! f \ 
this el1.r a='e entered in the last line of table 650 The-kernels pl:_iced 

in the "inactive It @j$W+ class were lightly pigmented and the distribution 

of this was uneven, giving a mottled appe !rance to the aleurtjne layer, 

CL .r,--j '.C - A. " : ,j ", : * >J , '.I" 4 *' t \ I I 
*his is t&z typical appearance of the aleurone layerr&%&&e- Spm &ES 

.- t 



is very weakly active, 

Continued examinativn of the Spm-w, originally present in plant 

6683B-2, included tests of its presence or absence in plants having 

a number of different con::titutions. In order to facilitate presentation 

of the evidence obtained from these tests, several chants were constructed, 

figures 5 to 7. Figure 5 illustrates the origin of the plants in 

CL 
culture 6888 derived from kernel 

4 4 B on the ear of plant 6683B-2Jand the 

constitution of the pollen parent used in making a cross to each. Prom 

the ear of plant 6888D-2 (see 2, under Progeny Grown in Summer of 1955) 

kernels were selected and plants $rowm from then given culture number 
q&Q ap \ac "4 & h@ -.&ue)ti j&b Quzlellllcraeo '4 IJkdJJ t&lL#- mp&+# &c, 3 

'7264 (see 3, under Progeny Grown in Srhmmer of 1956),, Kernels were also \ 

d 

selected from both the first and the second exr on the main stalk of s 
‘$ 

* 
plant 6888C-3 (see under 1 of Progeny Grown in Summer of 1955) and the %+ 

-2 

plants grown from th%were given culture numbers 7262 and 7263. The __ t 
*' 
.* 

phenoty,>es of the kernels selected from each of these two ears are ;< 
s 

given in figure 5 under 1 and 2 of Progeny Grown in Summer of 1956. 

All plants in cultures 7262 to 7264 were crossed by plants that weren 
8 

Ipi&tir homozygous for 
p~(J@&$-w~&~b&~~57IqFd-\ 4,wq.Q 

Sh2 9 Pry Y and wX and they had no Spm tn them. i On the ears produced 
/z 

by plants in culture 7262A and 7264-A, no variegated kernels of any type 



appeared. All were uniformly pale pigmented. Variegated kernels appear$e 

on the testcross e'zrs of all other plants in these three cultures. 

Each plant in cultures 7262C and D, in 7263C and D and in 7264B carried 

Spm-w but not Spm-s>and figure 6 was prepared to sh,:w the constitution of 

these plants with res +ct to LL L~zc~~~~xxx~% the alleles of Pr,an-d&& 

,locati3n of Spm-w; 
&dd@&up 

The kernel types on the ears of these plants are 
A r\ 

entered in table 65 according to the constitution given in figure 6. 

It may be seen that Spmw was carried in chromosome 5 in 22 of the 24 plants 
Ir 

th*.tt we-Oe Pr/pr but in two plants, no evidence was given of linkalfe of 

it with this marker in chromosome 5. 

The kernels that gavef rise to the plants h- r* in t&em 

RiBdsp"I-sM~* 
w in B of culture 7262 and in A and B of culture 72637 MM%LM& 

2 

iP 
a& ' F3 

*select& 
t+ 

for the presence or absence of Spm-w m for the 
MA'& QJfwd vuiv+wd 

number of location of the Spm-s elements. 
A 

to be quite heterogenous. Altogether there were 11 different UW$J.J\O&J 

constitution among the 21 tested plants,and these are given in figure 7O 

In 12 plants, no Spm-w was present !JJ At was present in the remaining 9 

'SW 
plants and carried in chromosome 5 in each,, The male parent of these 

4 

plants had 1 Spm-s element in it)and it was located in one of its Zwo 

y bearing chromosomes 6. Thirteen of the 21 plants in figure 7 were Y/y. 
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In 11 of them, one Spm-s was present and it was linked with ',in 10 of 
9 

these 11 plants. Two ;jprn-s elements were present in one plant (7263~-3, 

figure 7)one of which was carried in the y bearing chro:iosome 6, In 

the remaining plant that was Y/y (plant 7262B-2), three Spm-s elements 

were present, one of which was carried in is y bearing chromosome 6. 

The types of kernels appearing on the ears of plants entered in figure' 

7 under the heading "No Spm-w" are given in table 66. They reveal the 

number of spm-s elements present in each plant and the location of them 

with respect to the alleles of Y. ln those $lants th:At had an Spm-s 

element not linked with Y, no evidence was &iven of its linkage with 

eith:>r pr in chr rn,-;some 5 or Wx in chromosome 9. /I Also, on these ears, 

only one kernel was present that had a much reduced number of Al spots in 

its aleurone layer. The kernel types on the ears of plants entered in 

1 and 2 undtlr the heading "Spm-w present" in figure 7 aBe shown in table 

67, and those entered in 3 and 4 under this heading are given in table 68. 

From the data g++en in each of these two tables, it is evident that Spm-s 

and &pm-w segregated independently of one another, and that in the 

majority of the Y/y plants, Qpm-s was carried in chromosome 6,a& Spm-w 

P cm& 
in the chromosome 5 originally derived from the grandparent plant, 

6683B-2, It also was clear that Spm-s is epistatic to Spm-w, all kernels 
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with Spm-s having many Al dots in--%hem regardlegs of whether or not Spm-w 

is also present in them. 

Response of state 5700A alg-' to Spm-w 

fhe following year, 1957, plants were grown from some of the kernels 

having dpm-w but no spm-s in order to introduce Spm-w into plants having 

a state of a 1 m-1 other than 5718 or 57198-l. W ith either of these two 

st .tes, tihe number of mutations to or tbards Al 4 is very much reduced when 
&.&A..qP~- 

Spm-w is present, there being m only l/8ifia!?~v~~a?Jo&~ or none & 
/\ 

It was desired, therefore, to determine to what degree Spm-w wo Id reduce 

mutation frequency with a state that gives a large number of mutant spots 
4 4th Wb-lf 

when Spm-s is present, For thf& test', state 5700A w@selected (--s~@&o. 
4 

@ . State 570@A produced very many mutant areas both in plant and kernel 

with d3rn-s and a number of mutations occur early in development of both 

(itPP$hd 
plant and kernel. 

? 
, 

To obtain plants having state 5700A and no Spm in them, pale colored 

kernels were selected from the self-pollinh.ted e'1.r of plant 6702-2 which 

was alme (state 5700A) Sh2/al sh2, Pr/pr and it had no Spm in it (see 

table 18 and 23),and from the pale sh2 class of kernels on each of two 

ears produced by the cross of plant 6702-2 to plants that were homozygous 

for sl and sh2 and in which no sprn was present, The plants having Spm-w, 



grown in the summer of 1957, were derived from Spm-w carrying kernels on 
” 

the ears of two plants, 7262C-2 and 7262D-4, entered in figure 6 and t:$ble ;I 

Each was pr Spm-w/pr + (state 57lgA-1) ah2/al sh2 in constitution, 

and the ear of each was produced by a cross with a plant that was homozygous 

for state 5719A-1 alme and for Sh2, y, pr, and wx and in which no Spm was 

iJD+ 
present. Plants were grown from kernels on each eEr that had purpibe 

A 

spots (Pr/pr) or red spots (pr/pr> in them. Tests were conducted with 

each plant that was used in a cross with a plant carrying state 5700A 

"1 
m-l in order to determine its constitution. For this purpose, pollen 

from plants homozygous for state 57198-l almW1 and for sh2, pr, y and wx 

and in which no bprn was present was placed on the silks of these plants, 
. 

The kernel types on the resulting ears produced by 4 plants that were 

honozygol;s for st:te 57198-l alms1 and Sh2 and were Pr Spm-w/pr + are 

given in t.ible 69. Spm-w was cx~rried in the chromosome 5 with Pr in each 

of these plants. 

Examination of kernel types appearing on the ears produced by 

intercrosses between plants carryingzpm-w and those having state 5700A 

indicated that state 5700A aim-1 responded to Spm-w by producing many 

fewer mu&ant spots than it does with Spm-s (see photos 00 and OO), Also, 

the time of occurrence of mutation was much delayed. MoFt of the A1 
. 
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spots in the kernels having state 5700A were small and this contr:<sted with 

the many spots of large size that appear when Spm-s is present. The 

number of pigmented spots was much greater, however, than that which appears6 

in kernels having either state 5718 or state 57198-l when Spm-w is present, 

For further study of the effect of &pm-w on state 5700s aim-', 

kernels were selected from ears produced by plants that were homoz,igous for 

state 5700A in whi.ch no &pm was pre::ent when crossed by plants that were 

homozygous for stlte 5719A-1 and having S;pm-w in them. All kernels on 

& 
these ears had,,state 5700A and state 5719A-1 in them, It wf5s necessary 

to grow plants from kernels having both states of aim-' in them and to 

cross them by plants thrt were homozygous for a 1 and in which no Spm was 

present in order to compare the response of each state $6 tihe Spm-w present 

in the plant. Among the kernels on the resulting ears, half should carry 

state 57198-1 and the other half should carry st te 5700A. The response 

of each state to Spm-w could then be campk%red directly among the kernels 

on an e.lr, 
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‘- A-- 
yor one of the tests conducted kG& state 5700 Alrn-' to determine 

a..! 
.' 

#" i3;s response to Spm-w, plants were grown from kernels on an ear produced 

by the cross ,of a plant that was Pr/pr and homozygolls for state 5700A and 

Sh2 and in which no Spm was present,by one that was homozygous for state 

5719A-1, Sh2 and pr and in which 1 Spm-w was present. nalf of the 

kernels on this ear were pale colored and the other half were vriegated. 

The pattern of Al spots among the variegated class of kernels resembled 

that produced by state 5719A-1 when Spm-s is present (see photos 10 

Ten kernels were sown in the summer of 1958 from the pale,class of kernels 

iibf 
under culture number 75308 and 10 kernels were sown from the variegated,Pr 

A 

.glass under culture number 7530B. All plants arising from the pale kernei 
T 

were uniformly pigmented. Those arising from the variegated cbbss showed 

small streaks of Al pigment in a non-pigmented background during early 

development and the pattern of streaks resembled that produced by state 

5719A-1 in the presence of Spm-s, As the plants matured, pigment develop- 

ed in the background. The patt rn of small s::ots of Al in the kernels and 

of small stre:.ks in the plant most probably were produced by mutyttion 

occurring to state 57OOA, the contribution to thqs of state 5719A-1 being 

small. This WIS made evident by the kernel types that appeared on the 

testcross ears of these planhs, 
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*t was necessary to FFtgm. th t the uniformly pigmented plants, 
A 

arising from the pale class of kernels on the esr ju t described, had no 

these 
Spm in them and also to verify that IEXC& plants carried state 5719A-1 in 

one chro,,.oso!:e 3 and ste,te 5700A in the other chromoso;i:e 3, hot@ of which 

wovuld respo.rd in the expected manner to the presence of Spm-s. 'iherefore, 

crosses were m de to plants in culture 75308 using for t is purpose pollen 

from plants th,tt were homozygous for a1 and sh2, Some of the pollen 

came from plants that had no Spm in them whereas it was present in other 

#&IA tiP~wed,eps~~ 
plants. The types of kernels appearing on the ears of five plants in 

4 

culture 7530A, produced by these crosses, are shown in table @ . 

It was Q-W&NS from them tests th,.t no Spm was present in these plants and 

~&8 that t& states of a 

manner to spm-s. 

4.a 
eagh stte was so 

respond in the expected 

of variegation given by 
\' n 

'tax* , 
experienced in se.:,ar~~ttn~ 

t;;tne kernels having 

plants in B of cuisure + were crossed by plants 

homozygous for a1 and sh2 and in which no Spm was present. Seven test 

cross ears were obtained from these plants and. the types of kernels on 

each ear are given in table 7#. All plants in c-illture 7530B were Pr/pr 

in constitution. it h,ad been planned to cross these plants by ones that 
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were homozygous for al, sh 2' and pr but all plants of this constitution 

died in early stages of development due to unusually unfavorable growing 

conditions in the summer of 19580 Therefore, plants 

culture in which the alleles of Pr were segregating. n some plants were n 

Pr/Pr, others Pr/pr and still others pr/pr. The cons&itution of any one 

plant with regard to the alleles of Pr could not be known in advance of 

ti 
tv4 -t&q&4&-w WEI@=3a 

test of each. rblhhse used in the crossesA all three constitutions were 

represented, It was expected that t&c Spm-w wo:Ild be carried in the pr 

chromosome in the6 plants in c:llture 7530B and that linkage of the 

variegated class with pr would appear among the kernels on the testcross 

ears they produced, Among the ears given in table 7$, one pollen parent 

was Pr/Pr, 4 were Pr/pr and 2 were pr/pr, 
/ It was evident thit Spm-w was 

ieuqQV30B 
carried in the pr chromosome in each of the plantsAentered in table 7$. 

, On the two ears produced by the cross with a plant that w-s homozygous for 

recombinant 
pr, the percent of/kernels ~kfi among the variegated class was 33=, 

Among the variegated class of kernels on the ears entered in table 716 

two ac0uj.d be distinguished readily. One had many dots of Al 

and the other had only If- or several of them. In G~~total, therewere 

659 kernels the former %Q 
class-and 579 * the latter y& . In -addition, 

there were 90 colorless kernels. If the colorless kernels are added to 
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hum to those in the latter class, a 1 : 1 s--n ratio appears.*- $ 

sf k-?rnels havin$ Spm-w in them. The latter class resembles 

in phenotCTFe that appearing with state 5719A-1 and spm-w and the foray 

in the kernel 
type the same as that/tih&&h gave rise to $$ch plant, and these kernels 

had both state 5700A and state 5719A-1 in them. Obviously, then, the 

kernels that have many Al dots carry in them st,:te 5700A and those with 

~-Qw@+f 
or several Al dots orhaneAcolorless wm Al 3&s,h!tve state 57198-l 

in them, In other words, hx of the kernels on these ears had no 

Spm-w in the/!: and were uniformly pale colored and half carried Spm-w, 

Maj"y 
Half of these, in thrn, carried state 5700A and half carried st-lte 5719A-lo 

h 
&WI 

It appe:-lrs eviden5bthat Spm-w reduces mutation grequency in a proportional 

manner, the number of mutalht spots that are produced in its presence 

being a fraction of that which aFpe rs w&hen Opm-s is present, This 

relationship was also found to be true when Spm-w was introduced into 

slants carrying state 5996-4, which mutant spots with "pm-s 

but f:ir fewer of them with Spm-w. Before this is considered, another 

test conducted with st.Tte 5700A and Spm-w will be discussed. It was 

0" Q#Q %I* pbk& p@uo-wqSP-~ -pJ,&&iA @q 
curomi.nd because & change in action of jpm-w had occurred.&W 

(Q-laditih 
A 

sa further its capacity to induce mutation. 
4 
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The ear of a plant homozygous for state 5719A-1 and sh2 that was 

Pr +/pr Spm-w was used in a cross with a clant homozygous for stite 

5700A, Sh2, and Pr in which no Spm was present. On th$s esr there were 

148 pale colored kernels and 140 colorless kernels tith spots of Al in 

them. However, the number of Al spots wsssefar fewer than that pppe:-tring 

,&.ifh~ 
on ears of other plants produced by crosses conducted with 4 @+ ..lant 

carrying state 5700k. *nstead of several hundred A 1 dots, the number 

among the varieg ted kernels on this ear ranged from as low as 15 to 

as high as approximately 100 with the majority of kernels h.iving about 

30 to 50 of them. Some of the variegated kernels were selected from 

this ear and grown in the summer of 1958 under culture number 3829. the 

ears of five of these plants were used in the cross with plants th-Lt were 

ho;!lozygous for a1 and in which no Spm was present. The kernel tyqes on 

these ears are shown in table 72 and the plL:nts are arranged according to, 

on their ears 
the proportion of kernels/that were colorless Qlhth no Al spots in them. 

This was done because there was a distinct correlation between the percent 

of colorless kernels and these ears and the number of A 1 dots that 

were present in the kernels hciving state 570011 and Spm-w, the higher the 

proportion of totally colorless kernels on the ear, the lower the avera6.e 

number of Al dots that appe,tred in the kprnels having st,ste 5700A. 
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However, on all e.-rs, a few kernels appe:tred with very many dots of A1 

in them or sectors appeared in some kernels in which the number of Al 

dots was very much increased. It appe red that the Spm-w in the parent 

plant that introduced it into the plants of cu&ture 7529 was less 

at a m-l 
effective in its capacity to induce mutat-on/eith&r with state 5700A or 

with state 5719A-1, and also tht2tNchange in this was occurring in 

individual ce.Lls leading to a much increased capacity of it to 

induce mutation. Difference+ in mutation-inducing capacity of Spm as 
. . 

-GJ 
-.__.----- --- 

---in well as its inhibiteqy capacity gene action at a1 m-l hzve been no&ed 

in studies of other Spm-w isolates. Just as Spm-s may undergo change 

to give Spm-w type action, so maey Spm-w undergo change to or toward 

Spm-s type action, 

Change in degree of action of Spm-w may be noted in the plant as 
/\ 

*L.r 
well as the kernel. fi In some pliints, distinct sectors appear in which the 

capacity of "pm-w to suppress gene action at a1 m-l was incrensed. The 

anthocyanin pigment in these sectors was much lighter than in the rest of 

the plant. Also, some sectors appeared in which no pigment co?ild be 

detected and within a few of them, small streaks of Al type pigment 

were present. From studies of the type described here and also from 
to be 

those that investigated Utsctivations of dpm, there seemsAlittle doubt 
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that the capacity of Spm to induce mutation is directly correlated with 
-- 

its capacity to inhibit gene expression at a1 m-l . Spm-w represents and 

intermedite state between a fully active Spm and one that is totally 

inactive. Its capacity to induce muttion is reduced along with its 
-_ 

caqatiity to inhibit gene expression. 
/ I 

It is possible that the apparent 

double mode of action of Spm --supression of gene action at al m-l and a m-l 
2 

and induction of mutation at both of these loci, --is the consequence of a 

single initial reaction in the cell for which Spm is responsible. 

Another factor enetering into consideration of "pm-w will be mentioned 

here as it has significance in appreciating the relation of Spm-w to Spm-s. 

A modifier was found to be present in a single kernel on an ear of a plant 

carryi.ng Spm-s. Its presence is made evident only when Spm also is 

present. The origin and detailed mode of behavior of it will be 

considered in the section of this report dealing with the Modifier. When 

present with either "'pm-s or Spm-w, an approximate three-fold increase in 

mutation frequency is produced with states 5718 and 5719A-1 of a1 m-l . 

The importance of menti ning it here is to indica$e that the mutation 

increase it induces is the same with either "pm&s or Spm-w. Kernels 

having in them an Spm with a low grade of action can no& be distinguished 

from ones in which the Spm is fully active whenever the Modifier also is 

present. However, if Spm is totally inactive, the Modifier has no effect 



at all. 

204 

Response of state 5996-4 to Spm-w 

Tests of the ef@ect of aprn-w, derived initially from plant 6683B-2, on 

state 5996-4 aim-' were cor,ducted at the same time as tnose with st-,te 

5700-q, just Cizsc ibed. J-n tnepresence of Spm-s, scldte 5996-4 gives an 

exceedirlgly high number of small mu-i,ant spots in both plant and kcrnelo 

ihe number of them may be so high that a kernel.having this state and Spm-s 

often appears to be totally pigmented. Examination with magnification 

& ~~~4s &-&I 
reveals that this phenotype is produced byhmany mutant spots very close 

A 

to one another. In some kernels that are purp&E, (Pr), the diffusion 

rims about each mu,zant spot may run together and this may make it 

& &(j> &.y$@,di@( d&w !A.,tLti 
difficult 6r impossible to know 1be y ULthe phenotype arose from 

- b 
LJ. b.tm .Ti 

a germinal mutation to A 1 or w,as produced by many mutant s?ots whose diffwi n 

diffusion rims h,Ave run together, making the alaurone layer appear to be 
<- ~. p.mQ p&-+'&) I LJJ.&&~&&l&jj Q&&? d:&e* 

totally Al in phenotype. In Kernels 
4 

that are homozygous for pr, 

however, the diffusion rims are much lighter in shade and in these 

4h.q R, 3; dq; 
kernels no such difficulties are exp::rienced. 

b-i 

%he many dots, pl:.ce very A 4 

close to one another may be dbtected. M the pr phenotype, it 
\ i 

was learned that germinal mutation is infrequent with state 5996-4. 

Because state 5996-4 produced many late occurring mutations with a 

fully active Spm-s, it is a very sensitive indicator of any somxticx?ly 
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occurring c&ange in Spma -2;; ap@Leb -stab ? of- t 
A 

sometimes 
m-t. Sectors/appear in kernels in which the action of Spm 

is altered. If the *)pm present is undergoing change in a number of zells 

during development of the kernel, the pattern of mutant spots in the 

kernel is quite irregular. If Spm undergoes few changes during development 

the pattc-rn is quite regular. Illustrations of t'-is with Spm-s are 

shown in photographs 00 and OOJ ~ ais state,very effectively shows the - - ..-_ J 
ad 

types of change occurre to Spm-w. 
/s 

'3nm-w, initially obtained from plant 

6683%2, reduces the percent of mutations with state 5996-4 as it did 

with state 5700A, and the mode of testing for this was the same as that 

just described for state 5700A, In one test, pollen from a plant that 

was a 1 m-1 (state 5996-4) Sh2/al sh2 was placed on the silks of a plant 

homozygous for state 5819A-1, and Sh2 and having one Szm-w. on the 
MO qwk pJqJctaLtw,& bL?kdb ' %A t3-cL&3&~\ tbisa wL+J 

resulting ear there were 196 pale colored kernels, 86 k,rnels with g/uuew 
0% 

Qrd’++&- @  c 
0.1 at 

n-f Al dots state 5996-4 ,,i.-- 98 

kernels with 1 or several Al P dots & 4 kernels that were totally colorlessp 
&a& ti \w&~LqQAA ~hhc.4 "a CL-#&i& 53lL78-4 tid a,s QLqJ qwhdJ. 

L- The change in action occurring to Spm-w during the develonment of the 

kernels havjng it was illustrated in a striking manner gthose that had 
c 
-v 

-w Ci‘J 
*\staLe 5996-4 in them. In the majority of kernels, sectors were present 

in which many dots of Al w 2 d 
the j&%tern of this was similar 
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to that given when Spm-s is present. (See photos 00). in the kernels 
&&pd ‘J.i’ 

that had on?-y state 5719A-\in them, 
A 

more than the usual number of Al dots 

,b 
w,&~Mt . It seemed clear that the Spm-w in bhatributed by the female 

w whm Lafs&! 
parent was undergoing rather fret1.uen-t change during development of the 

h 
._ f.u 

kernel and this occurred early enough in some cel1s)tha.t thif progeny 

&- 
4 

+i4GdbLd~' 
could W thqschange re by the pattern of Al dots in N 

4 4 

. . Y 'When t&+ pollen from the plant carrying state 5996-4 was pl?,ced on the 
of an ear d;lQ@xM&%&F~9Ah' 

sl.lks/clf/Spm-w carsyir;lg of similar constitution to that jut 
Y) o&a& 

described, there were 167 uniformly pale pigmented kernels, 92 thathad 

I .‘.f :‘cc. 

Adots of Al mm, 39 that had only 1 or 2 Al dots and 62 

that were totally oolorless. It was o@vious from the reduced number of 

Al dots and from the infrequent appearance of sectors in which many Al 

dots appe red, that the Spm-w contributied by the female parent was 

early 
undergoing very few changes during/development of the kernel. Change in 

m vJwiif& 
Spm-w was occurring but in indiadual ceILlsAquite late in development, 

A 

(See Photos 00). The impression gainea from she study of state 5996-4 

with m-l 
and Spm-w is that mutation to Al will occur z& any state of 6 

1 only 

after some modification h2s occurred to 3pm itslef during development and 

that the number of mutant spots seen in a kernel with any one state 

is a reflection of the time of occurrence of change in Spm and the 
freg-uency of this occurrence at any one time, 


